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I. INTRODUCTION 
A systematic study of the intensity ratios of protons t o  
alpha particles and alpha particles t o  nuclei with Z - > 3 during 
nine major solar particle events during the period June 1968 
--June 1969 (Table I ) has been made using the data from the 
University of Iowa particle detector system on the lunar orbiting 
sa te l l i t e  Explorer 35. 
11. DETECTOR SYSTEM 
A description of the detector system and other details  of 
the apparatus has been given by Van Allen and Ness [1967]. 
Use is  made of a thin silicon surface barrier detector 
(19.6 microns) with four electronic discrinination levels 
labeled P1, €2, P3, and P4. 
for various incident nuclei. 
Figure 1 shows AE versus E curves 
P1 and P2 respond lnainly t o  protons, 
P4 essentially t o  alpha particles, while P3 is  sensitive only t o  
nuclei having Z - > 3. We make the reasonable assumption that  the 
dominant contribution t o  P3 is by carbon, nitrogen, and oxygen 
nuclei [Biswas and Fichtel, 19651. The solid state detector i s  
insensitive t o  electrons of any energy. Armstrong and Krimigis 
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[1970] have examined several sources of spurious contributions t o  
P3 and P4 and shown them t o  be negligible. Thus P3 and Pk repre- 
sent nuclei w i t h  Z - 3 and alpha parbicles, respectively. The 
essential detector characteristics are summarized i n  Table 11. 
111. OBSEINATIONS 
Measurements of the intensity ratios and the time histories 
of three events have been reported previously [Venkatarangan e t  al., 
19701. This paper presents a discussion o f t h e  intensity ratio,  of 
protons t o  alpha particles (hereafter referred t o  as p/a) and that 
of alpha particles t o  nuclei w i t h  Z - > 3 (hereafter referred t o  as 
a / M )  of specific kinetic energy B - > 0.5 MeV/nucleon. 
Figures 2 t o  5 show absolute counting rates of the proton 
channel P1 (0.32 > E > 6.3 MeV) and three-hour averages of p/a, 
a/M, and the proton spectral measure P l / E  for the four events 
June 9-15, 1968; November 18-23, 1968; A p r i l  11-17, 1969; and 
May 13-16, 1969. 
aspect of the changes in  p/a and a /M.  
variabil i ty in  p/a and a/M not only during individual events but 
also from one event t o  another. 
factor as great as  10 and the l a t t e r  by a factor as great a s  5 
during an event. 
time or  remains approximately constant a t  about 20. 
- P -  
The events have been chosen t o  highlight some 
One can observe the extreme 
The former ra t io  varies by a 
Note further that a/M either increases w i t h  
The absolute 
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value of a/M and i ts  variabil i ty i n  the specific energy range 
E > 0.5 MeV/nucleon are new findings quite different than those 
characterizing the range > 10 MeV/nucleon (Durgaprasad e t  ai., 
w581. 
m. IN'TERVRTmTION 
Three general lines of interpretation of the foregoing 
results suggest themselves : 
(a) If He and C,N,O atoms are completely stripped of 
._ ~ .____ 
the i r  orbi ta l  electrons, the corresponding Q! and p nuclei have 
the same charge-to-mass rat io;  and a t  the sane kinetic energy per 
nucleon they have the same magnetic r igidi ty  and the same speed. 
In such a case, a and M nuclei having the same e traverse inter- 
planetary space a t  the same speed and along identical spatial 
trajectories . Hence, those arriving simltaaeously a t  an observer 
have had identical "propagation histories". 
various components are not -completely stripped a t  the l a w  values 
If, however, the 
of e i n  the present exgeriment, the foregoing sumrmary is  not 
true and var iabi l i ty  i n  propagation history and times of arrival 
a t  the observer might be thought t o  result i n  different r a t i o s  
simplybecause of the tirne variability of intensity, as  i s  pre- 
sumably the case for  the p/cx r a t io .  
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(b) %e variabil i ty of p/a and CX/M be t h o a t  to 
reflect different elemental abundances i n  the SOUPX region in 
the 
acceleration proceds 
atmosphere or differential  treatment during the 
(e) Earlier work on the effects of moving magnetized clouds 
in  interplanetary space [Van Allen and Ness, 19693 on energetic 
particles suggests that a variable a/M m y  result frm energy 
changes during the propagation process i f  the energy-per-nucleon 
spectra o f t h e  various components are different in  the range of E 
of interest. 
association of changes i n  p/a and a/M w i t h  Forbush decreases as 
observed during several of the events under discussion and by the 
recent finding of specific associations on a fine time scale between 
magnetic discontinuities in interplanetary space and changes k 
p/a and 01/M [Van Allen, t o  be published]. 
plausibil i ty of such an interpretation i s  examined briefly belaw, 
without f'urther discussion of (a) or  (b). 
This possibility is  f'urther supported by the general 
The quantitative 
Let 'S' be the source (flare region) and '0' be the point 
of observation (spacecraft). By Liowil le 's  theorem the phase 
space density is a constant along a m c a l  trajectory, fkom 
which it fo l lms  that 
1 8 3 = D = Constant E 
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or 
1 
[ 3 1 = Constant 
(E2 + 2mc2 E )  E 
The term dj/dE occurring in  the above expressions represents 
the differential  intensity i n  terms of parbicles/cm2 sec sterad MeV, 
and E, p, and m stand, respectively, for  the kinetic energy, 
momentum, and the rest mass of the particle. 
- -. - - ____ --_ 
Let nuw the kinetic energy be altered f r o m  E t o  E + AE, 
as by reflection f r o m  a moving, magnetized plasma cloud. From 
equation (2) we can write 
d j  d j  
where and - , respectively, stand for  differential  intensit ies dE 
a t  the point, of observation, '0') and a t  the source ' S f  . When E 
and AE are << mc2, equation ( 3 )  can be accurately approximated 
by the following equation: 
Although we have no information on the source spectrum or  
on the change AE, we can, nonetheless, make a f a m i l y  of parametric 
studies and assess the plausibil i ty of the results. A few examples 
are given i n  Table 111. 
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Case 1 of Table I11 i s  shown numerically in Figure 6. 
Ro/Rs is the ra t io  of a/M at the observer t o  that a t  the source. 
Its value i s  equal t o  one for any energy changes of the form 
assumed i f  (r, - rM) = 0. 
a factor of the order of 2 by a A€/€ of + - 0.7 i f  (ya - yM) = + 0.5. 
Hence we suggest that interpretation (c) is, indeed, a plausible 
possibility. 
But, for example, Ro/Rs i s  changed by 
- 
An examination of the three hourly plots of cosmic ray 
intensity registered by a ground based neutron monitor such as  a t  
Alert,, a station essentially free f r o m  daily variation but ex- 
hibiting worldwide variation, and the changes i n  the ratios dis- 
cussed so far is instructive. If a Forbush decrease has already 
taken place prior t o  the solar particle event, then the t h e  
history of the changes in  the ratios follows the cosmic ray 
intensity changes of subsequent Forbush decreases. 
i s  shown in  Figures 7 and 8 where the ra t io  a/M is  plotted along 
w i t h  Alert data. 
changes of a/M are caused by changing conditions of the inter- 
planetary medium. 
that  changes in  particle energy during propagation in  the inter- 
planetary medium can produce changes in  the ratios i f  the energy 
spectra of the various components are, in fact, different. 
This effect 
These comparisons give direct evidence that  
From theoretical considerations, we have shown 
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Hence we attr ibute the changes i n  01/M t o  reflection of energetic 
particles by moving "magnetic mirrors" i n  the solar plasma, which 
process also causes Forbush decreases. 
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TABLE I 
L i s t  of Major Solar Particle Events 
during June 1968 - June 1969 
June 9 - 15, 1968 
November 18 - 23, 1968 
January 22 - 25, 1969 
February 25 - March 3, 1969 
March 21 - 24, 1969 
March 30 - A p r i l  2, 1969 
A p r i l  11 - 17, 1969 
W y  13 - 16, ~ $ 9  
June 7 - 13, 1969 
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FIGURE CAPTIONS 
Figure 1. pE versus E curves for protons, a-particles, and 
C,N,O, Ne nuclei. 
Figures 2-5. Absolute counting rates of  the proton channel P1 
(0.32 c E < 6 . 3  MeV) and three hour averages of p/a, 
a/M and the proton spectral measure Pl /R for the four 
events June 9-15, 1968; November 18-23, 1968; A p r i l  11-17, 
1969; and my 13-16, 1969, respectively. 
- P -  
Figure 6. Plot of  R J R ~  versus A€/€ for various values of 
( y a  - yM) (Case 1 of Table 111). 
Figures 7 and 8. Three hour averages of a /M and cosmic ray 
intensity as registered by the A l e r t  neutron monitor for 
the events of June 9-15, 1968 and November 18-23, 1968, 
respectively . 
/ 
N 
I 
E 
e 
2 
3 
/ 
\ 
\ 
8 -  > 
W 
I 
Y 
J-G71-458 
JUNE 1968 
PI 
I1 I2 I3 14 15 09 10 
U.OF IOWA 
EXPLORER 35 
I I I I 1 1 1 
160 161 162 I63 164 165 166 167 1.0 ' 
DECIMAL DAY 
Figure 2 
90 
80 
70 
60 
-LI 
n 
I I 1 1 1 ' ' 1.0 
322 323 324 325 326 327 
DECIMAL DAY 
Figure 3 
i 
LI 
LL 
0 
d 
Id It 
70 
60 
40 
30 
U OF IOWA 
EXPLORER 35 
i" 
2.0 
PI/P2 
- 
I I I 
I33 I34 I35 
I .o 
30 
25 
20 
15 
U/M 
IO 
5 
DECIMAL DAY 
IO 
9 
8 
7 
6 
3 ,  
R S  
4 
3 
2 
I 
0 
-I 
C-G71- 153 
0 I 2 
A€ 
€ 
Figure 6 
-
-. . . 
3 4 
60 
50 
40 
30 
20 
IO 
0 
- 
- 
- 
- 
8 - G 7 l -  466 
JUNE 1968 
9 IO I I  12 
6800 
6700 
6600 
6500 
EXPLORER 35 
CY/M 
I ALERT NEUTRON -6400 
I60 161 162 163 
DECIMAL DAY 
Figure 7 
- _  
5 
L 
In m 
CL 
X 
W 
7, 
a" LI P 
ii 
